This paper focuses on residential sorting by social and ethnic status in large French urban areas. Our objective is to assess the relative importance of two major determinants of segregation stressed by the economic literature (Bartolome and Ross, 2003; Brueckner et al., 1999): (i) "Alonso sorting over space", due to the trade-off between land consumption and accessibility to the central city and (ii) "Tiebout sorting over jurisdictions", due to the taste for local public goods and by extension for all kinds of local public amenities (e.g. neighborhood externalities). Our methodology draws on Schmidheiny (2006). First, a conditional logit model is estimated for each urban area, in which moving households are assumed to sort based on jurisdiction distance to the central city and jurisdiction mean of households' incomes (as a proxy for the level of public amenities). Second, our estimation results are used to simulate the counterfactual residential patterns that would prevail if, alternatively, one or the other of these mechanisms were inactive (setting the coefficients of the corresponding variables to zero). The contribution of each mechanism to the observed social and ethnic segregation is finally appreciated by comparing the values of dissimilarity indexes computed on the basis of the counterfactual households distributions and on the observed households distribution. "Tiebout-sorting" emerges as the primary cause of social segregation among wage-earning households. On the contrary, "Alonso-sorting" appears to be the main driver of segregation between economically active and inactive households, as well as between Frenchcitizen and Foreign-citizen households.
Introduction
Residential segregation by income and ethnicity is a major feature of contemporary Western cities (see e.g. Card et al., 2008; Wheeler, LaJeunesse, 2008) and is generally considered to be undesirable. It may be the source of poverty traps due for instance to peer effects in education and lack of role models. It may weaken social cohesion and redistribution mechanisms (Bjorvatn and Capellen, 2003) . In short, segregation may be the source of short-term as well as long-term inequalities and social tensions.
In the United States, at least for fifty years, economists have been trying to explain residential sorting by income and race in American metropolitan areas. Two main strands of literature are competing to this purpose. The local public finance literature and its numerous extensions, rooted in Tiebout's (1956) model of fiscal competition, suggests a "sorting across jurisdictions" that indirectly contributes to the understanding of urban configurations. The urban economic literature, originally based on the Alonso (1964), Mills (1967) and Muth (1969) model of a monocentric city, suggests a "sorting over space". To improve the understanding of income sorting, an integrated modelling approach is clearly required (Nechyba and Walsh, 2004) and has only been intended recently (Brueckner, Thisse and Zenou, 1999; Bartolome and Ross, 2003 , 2004 , 2007 .
The aim of this paper is to provide a contribution to this integated approch on the basis of an empirical analysis of residential choices and their impact on urban segregation. Our objective is to assess empirically the relative contribution of Tiebout-sorting and Alonso-sorting mechanisms to social and ethnic segregation in 37 large French urban areas. Similar to what is observed in other industrialized countries, French urban areas, that host in 1999 77% of the French population, have been continuously sprawling since the sixties and residential segregation by income and ethnicity is commonly acknowledged as a striking issue (Pan Ké Shon, 2009; Gobillon and Selod, 2007; Préteceille, 2006) . In this context, improving our understanding of the causes and consequences of households location decisions within French urban areas is obviously of great political relevance, in particular because political answers to segregation are not the same whether it is due to Alonso-like or Tiebout-like mechanisms. This inquiry requires the empirical analysis of residential location choices, in terms of distance to the central city and local economic conditions, as a function of households' income. The literature interested in this question mainly relies on housing price hedonic estimations aimed at estimating willingness to pay for accessibility and local amenities. Nevertheless, some recent works use discrete choice modeling. For instance, Ioannides and Zanella (2008) analyze the demand for neighborhood "quality" in contrasting location choices of households with and without children. Schmidheiny (2006) focuses on the impact of local progressive income taxes on location choices in Switzerland.
We follow the methodology proposed by Schmidheiny (2006) . The approach consists in two steps. In a first step, we estimate on each of the 37 urban areas a conditional logit model of residential location choice, in which households are supposed to select a community depending on their income interacted with distance to the central city and mean income of potential destinations. The specific advantage associated with relocating close to one's former community is also taken into account through a specific former location dummy. This advantage is due to better information about housing supply, lower moving costs, access to previously built local social networks, etc. Because considering all the communities of an halshs-00581139, version 1 -30 Mar 2011 urban area as potential destinations in the location choice set would give far too many alternatives in the logit model, we built a smaller location choice set by grouping jurisdictions according to their mean household income and distance to the central city in 1990. As households' incomes are not directly available in our data, occupational status is used as a proxy. Ethnicity is also accounted for. Our sample encompasses all migrations that occurred between 1990 and 1999 within 37 urban areas of more than 200,000 inhabitants and contains 210,611 households.
In a second step, social and ethnic dissimilarity indexes of migrants are calculated for each urban area either with the observed household distribution or with counterfactual household distributions predicted based on the estimated conditional logit model. The relative importance of the two "segregation channels" stressed above -i.e. the choice of distance to the central city and of neighborhood economic conditions -can be disentangled by predicting distributions of households between types using only the coefficients of our model associated with either the choice of distance to the central city or the choice of local economic conditions. As, according to the third segregation channel in our model, moving households are ceteris paribus more likely to choose to relocate nearby their former location rather than elsewhere, the segregated pattern prevailing in 1990 is partly translated to 1999.
Our main results are the following. Going beyond the standard urban model to take into account income-related amenities is strongly justified by our results: segregation among the economically active social groups appears to be mainly driven by the income channel, especially for the most affluent social group. Nevertheless, segregation between economically active and inactive households is mainly explained by distance, as predicted by the standard urban economic model. Regarding ethnic segregation, the distance channel dominates the income one, but this is likely to be due to a non-market spatial structure, i.e. the centralization of the public housing supply. More important, both of them are dominated by the inertia of the previously prevailing segregated pattern.
The remaining of the paper is organized as follows. Section 2 presents the background and the hypotheses of our empirical analysis. Section 3 presents the empirical model. Section 4 describes the data, the sample definition and a few descriptive statistics. Results are presented in the last section.
Background, theoretical model and overview of the empirical approach

Background
In the local public finance literature, sorting across jurisdictions is driven by households' tastes for public amenities. In the original Tiebout's model, public amenities are the level of public goods produced by jurisdictions. The level of public good is a normal good, which means that its demand increases with income. Households with different income demand different public service levels and thus choose different jurisdictions, each household choosing the jurisdiction which provides his preferred public service level. Assuming that jurisdictions are formed on a featureless plain, jurisdictional boundaries may be freely adjusted, the public good is financed by a head-tax and a households' income does not depend on the jurisdiction in which it resides, income stratification across jurisdictions should be perfect at the long term equilibrium (Tiebout, 1956) . This jurisdictional sorting is a potential halshs-00581139, version 1 -30 Mar 2011 source of suburbanization, as people move to suburban jurisdictions to get their desired level of public services.
Subsequently, the local public finance framework has been extended to other kinds of public amenities, produced by local governments or directly produced by the population, either in jurisdictions or in neighborhoods. Some extensions specifically aim at explaining suburbanization, income and racial sorting, i.e. the well-known US urban pattern displaying rich households in suburbs and poor households in central cities. The implied public amenities can be divided into factors that pull rich white households into the suburbs and factors that push them out of city centers (Nechyba and Walsh, 2004) . From the pull-side, sprawl can be explained by the possibility of implementing zoning regulations in suburban jurisdictions to exclude those supposed to bring with them negative fiscal externalities (free riding on tax payments, etc.) or peer externalities (crime rates, school qualities, etc.). In turn, if zoning makes high density impossible in the suburban jurisdictions closer to the city center, this will increase the development of sprawl on the city edge. The push-side corresponds to the "flight from blight" hypothesis (Jackson, 1985; Mills and Lubuele, 1997) : rich households move from the central city to suburban jurisdictions in order to flee the negative externalities produced by poor households (high crime rates, low school quality, general fiscal distress, etc). These push-factors has to be related to Schelling's (1971) model of segregation, which features externalities linked to the neighborhood population composition. This model shows that even mild preferences for having similar neighbors may lead to sharp segregation patterns. More generally, literature on neighborhood externalities is a particularly vivid field of research (Ioannides and Zabel, 2008; Ioannides and Zanella; 2008) . It appears that the demand for the "quality" of the neighborhood social composition -in terms of providing positive externalities for access to employment and human capital accumulation for instanceis linked to the local income level and generates income segregation (Benabou, 1993; Durlauf, 2004 ).
In the urban economic literature, sorting over space is driven by households' tastes for land and accessibility to jobs. In the standard monocentric city model, jobs are all in the central business district (CBD), so that a location closer to the CBD has the advantage of lower commuting costs but -due to land market competition -the inconvenient of higher land prices. Both land and accessibility to jobs are normal goods. Rich households have a high land consumption and thus are more strongly attracted than the poor by low land prices. However, they also have a high opportunity cost of time, so that they value more accessibility to jobs than the poor. Sorting between rich and poor households depends on the value of the income elasticity of commuting costs relative to the value of the income elasticity of the demand for land. If the former is higher than the latter, then the accessibility effect dominates and the rich households outbid the poor households for locations closer to the CBD. If, on the contrary, the former is lower than the latter, then the land consumption effect dominates and the rich households tend to live further to the CDB than the poor households. This case is supposed to explain the commonly observed urban pattern in the United States. In both cases, the model displays a monotonic relationship between households' income and distance from the CBD (Wheaton, 1977) and produces income segregation.
In addition, a major strength of the monocentric model is that it allows to identify the primary causes for urban sprawl in the twentieth century. Firstly, households' incomes rose importantly during this period (Margo, 1992) . If the income elasticity of demand for land is greater than the income elasticity of commuting costs, as it is traditionally assumed, rising income is associated with rising land consumption and thus with decreased density in the halshs-00581139, version 1 -30 Mar 2011 urban area. Secondly, transportation costs have dramatically decreased during this period, especially due to the development of car ownership (Glaeser and Kahn, 2003) . The fall of commuting costs generates an additional income effect and above all weakens the centripetal force of the model: the amount of land consumed increases and the edge of the city expands.
A model integrating these two strands of the literature must take into account simultaneously households' tastes for public amenities, land consumption and accessibility to jobs. This is the case in the model of Brueckner, Thisse and Zenou (1999) (BTZ in the following). Income sorting is due to the conventional forces of the monocentric city model, but also to the households' tastes for urban amenities. Urban amenities are of three kinds: natural, historical and modern. "While natural and historical amenities are largely exogenous, modern amenities are endogenous, with their levels depending on the current economic conditions in a neighborhood, especially the local income levels. Such amenities might include restaurants, theaters, and modern public facilities such as swimming pools and tennis courts." (Brueckner, Thisse and Zenou, 1999, p.94) . The authors make the traditional assumption that the conventional location forces drive the rich to the suburbs and the poor to the city center (i.e. the income elasticity of commuting costs is lower than the income elasticity of land demand). They show that if the center's exogenous amenity advantage is sufficiently large, the equilibrium outcome can be reversed: the rich households outbid the poor household for locations in the city center. This additional location force could be at the origin of the differences between US and European cities. Europe's longer history and differences in government investment in central city infrastructures is likely to explain the differences in the spatial pattern of exogenous amenities. In addition, modern endogenous amenities introduce the possibility of multiple equilibria: they make the existing location of the rich attractive to them wherever it might be. This possibility may help explain the variety of location patterns by income observed in reality.
The BTZ model constitutes a first step toward the integration of Tiebout-sorting and Alonsosorting models but it unfortunately does not solve their main caveats. As stressed by Bartolome and Ross (2003) , their predictions are hardly supported by facts: income sorting between jurisdictions is far from perfect; empirical estimations suggest that the income elasticity of commuting costs is greater than the income elasticity of land demand (Wheaton, 1977; Glaeser, Kahn and Rappaport, 2000) ; and the relationship between households' income and distance from the CBD does not appear to be monotonic in general (Glaeser, Kahn and Rappaport, 2000) . Another integrated model that better matches empirical facts was developed by Bartolome and Ross (2003 , 2004 , 2007 , hence named the BR model. This is a model of a monocentric city with jurisdictions providing public services. Households sort over jurisdictions based on conventional location forces and public service levels. The level of public services in a jurisdiction is decided by majority voting and rich households must be the majority to be able to implement their preferred level of local public goods. When it is not the case, they tend to vote with their feet for jurisdictions with high public service levels. Income elasticity of commuting costs is now assumed to be greater than the income elasticity of land demand, but rich households may nevertheless settle in the suburb because of the higher public good level there. Therefore, the model is able to predict complete as well as partial income sorting between jurisdictions and across space, and the relationship between households' income and distance from the CBD may be, or not, monotonic, depending on households tastes for local public goods and of the unitary commuting time.
Segregation mechanisms in French urban areas
In this article, our objective is to assess empirically the relative contribution of Tieboutsorting and Alonso-sorting mechanisms to social and ethnic segregation in 37 large French urban areas. Our empirical framework relies upon a few important assumptions. Put in a nutshell, we assume that within urban areas, households sort across jurisdictions primarily on the basis on jurisdictions' distances to the central city and jurisdictions' means of households' incomes. Due to data constraints, we however do not focus on households sorting by income but household sorting by "social status".
More precisely, we first assume that these urban areas are essentially monocentric in terms of employment. Considering French urban areas in 1999, we know that central cities contain 27.2% of the total employed population but 41.5% of total jobs (Julien, 2001) . Secondly, as in the BTZ and BR models, we assume that households sort between jurisdictions both on the basis on their preferred accessibility to the central city (resulting from their tastes for land consumption and accessibility to jobs) and their preferred level of public amenities. The public amenities supposed here to be relevant regarding households' location decisions are the jurisdiction's endogenous modern amenities, including notably the public service level and the external effects of population composition. Thirdly, we make important assumptions about proxies. Modern amenities are assumed to be well proxied by the jurisdictions' mean of households' incomes: high income jurisdictions offer high quality public and private services, positive peer externalities, etc. Accessibility to the central city is assumed to be well proxied by the jurisdictions' bird's eye distances to the central city.
Methodology overview
Our methodology draws on Schmidheiny (2006) , who studies the impact of local progressive income taxes on households' location choices and income sorting in the city of Basel, Switzerland. This methodology is in two steps. The first step consists in the estimation of a conditional logit model of households' location decisions, one for each the 37 urban areas considered in our study. For each urban area, we consider a 1/20 sample of households that moved within the urban area between 1990 and 1999 (all urban areas together, there are 210,611 households in our sample). The choice set of each moving household is defined on the basis on all jurisdictions included in the urban area in 1999. However, in urban areas of more than 200,000 inhabitants, considering all jurisdictions as potential destinations would give far too many alternatives for estimating a conditional logit model and hence we group jurisdictions of each urban area according to their distances to the central city and to their means of households' incomes in 1990. The choice set finally contains 17 classes of jurisdictions.
The main explanatory variables of households' choices between these classes are interactions between households' characteristics and characteristics of the jurisdiction classes. On one hand, we interact either the social or the ethnic status of households with the classes' weighted mean of jurisdictions' distances to the central city (the weight corresponds to the number of houses of each jurisdiction). On the other hand, we interact either the social or the ethnic status of households with the location class mean of households' incomes. Importantly, the households' incomes taken into account are measured in 1990, i.e. before migrations took place. Indeed, as stressed by the BZT model, modern amenities are endogenous: they are both a cause and consequence of the location patterns of different income groups. There is a halshs-00581139, version 1 -30 Mar 2011 simultaneity issue that we try to limit in our econometric model by taking the past value of location income.
The second step relies on predicted location choices and segregation measures. For each urban area, we can easily measure the observed level of segregation by social and ethnic status across classes of jurisdictions of moving households, based on the computation of dissimilarity indexes. Then, for each urban area, we can use the coefficients obtained in our first step estimation to predict the counterfactual location pattern of these households and measure the predicted level of segregation by social and ethnic status across classes. By comparing the observed and predicted segregation levels, we are able to assess the prediction power of our model, thus the joint explanatory power of Tiebout-sorting and Alonso-sorting mechanisms. Furthermore, the relative importance of these two "segregation channels" can be disentangled. Indeed, for each urban area, we can select the coefficients associated with explanatory variables corresponding to one segregation channels only (interactions with classes' distances only or with classes' mean incomes only), setting all the other coefficients to zero, and predict the corresponding counterfactual location patterns of households across classes. We can thus measure and compare the "Tiebout-sorting" predicted level of segregation and the "Alonso-sorting" predicted level of segregation. A third "segregation channel" is also included in our model, namely, the specific advantages of relocating nearby one's former location. These advantages may be due to better information about housing supply, lower moving costs, access to previously built local social networks, etc. We expect that moving households are more likely to choose to relocate nearby their former location rather than elsewhere, and that the segregated pattern prevailing in 1990 is partly translated to 1999 due to this additional effect.
Data and sample definition
Before to expose the econometric model in detail in section 5, we present in this section our data and the variables used in the estimations. We also give a few descriptive statistics concerning the location classes that constitute the explained variable of our model, as well as the sample statistics.
Data
Our empirical investigation is essentially based on the 1999 French Population Census (produced by INSEE, the French National Institute for Statistics and Economic Study). A 1/20 th sample is drawn from the Census, in which detailed characteristics of households and their members are available. Residential location of these households at the Commune level is known in 1999 and 1990, allowing to trace households' moves. Unfortunately, households' incomes are not. We will therefore make use of the occupational status of the household's reference person as a proxy for household's income. We will however give statistics in the following in order to show that using occupational status categories is indeed useful to measure income segregation.
As to location characteristics, our analysis requires information on jurisdiction average household income as well as jurisdiction's distances to the employment center of the urban area. The mean households' incomes of each Commune (i.e. provides the geographic coordinates of each Commune's town hall, allowing to compute the straight-line distance between the Commune's townhall and the center of the urban area. Other characteristics of locations are taken from the 1999 Population Census aggregated at the Commune level.
In the descriptive statistics, we also make use of 1993 local housing tax rates provided by the French Authority for Local Governments (INSEE/DGCL). We also own data from the French and the Parisian notary societies (PERVAL, Chambre des notaires de Paris) giving mean housing prices in 2002.
Choice of urban areas and definition of the location choice set
Our study is aimed at explaining location choices within urban areas, that is, in labor-market areas within which households are assumed to choose their residential location considering their workplace as given. Urban areas are defined in France based on commuting flows as measured in 1999 from Census data. An urban area comprises a city center and inner suburbs divided into several jurisdictions and a ring of outer suburbs composed of jurisdictions that do not belong to the urban agglomeration but which are tightly tied to it by commuting flows.
1
There were 354 urban areas in France in 1999 with a total of 45 millions inhabitants representing 77% of the French population. Because sorting is a more striking issue the bigger the urban area, we focus on urban areas of more than 200,000 inhabitants in 1999.
Within each urban area, considering each jurisdiction separately as a potential destination would give far too many alternatives in the location choice model.
2 Consequently, within each urban area, we form groups of jurisdictions that will be considered as alternatives in the choice model. These groups are aimed at being as homogenous as possible with respect to the two main characteristics of our analysis: distance to the city center and household mean income. Therefore, in each urban area, we classify jurisdictions: (i) first of all, according to their position in the urban area: city center, inner suburbs, outer suburbs; (ii) then, in each of these preliminary groups --except for the city center that has only one jurisdiction-, according to their position relatively to the group median distance to the city center: close and distant jurisdictions; (iii) and eventually, according to quartiles of the jurisdictions' average household income. Therefore, we obtain 17 groups of jurisdictions that are considered by moving households as potential destinations.
Note that this classification imposes to have at least eight communes in the inner suburbs and eight in the outer suburbs to be able to define a choice set of 17 types. Applying this criteria to urban areas of more than 200,000 inhabitants yields 37 urban areas (out of 41 French urban areas of this size). 3 We now describe the 17 types of location thus defined. In particular, we want to stress the correlation between the types' average household income and other characteristics, namely: the percentage of foreign population and local taxes. For the sake of clarity, we present the descriptive statistics after making an additional pooling of jurisdictions: at the last step of the 1 In France, an urban unit (unité urbaine in French), is a set of communities, the territory of which is covered by a built-up area of more than 2,000 inhabitants, and in which buildings are separated by no more than 200 meters. Each urban area is built around an urban unit having at least 5 000 jobs. 2 For instance, Lyon urban area has as many as 296 communities. Toulouse urban area encompasses 342 communities. 3 The excluded urban areas are those of Brest, Reims, Limoges and Nîmes.
halshs-00581139, version 1 -30 Mar 2011
classification, we group the jurisdictions which belong to the second and third quartiles of average household income. Thus, we present statistics only for 13 types in Table 1 . As urban areas can have different average household income and different spatial ranges, several statistics in Table 1 are given relatively to the urban area average characteristics. a These figures read as follows: on average over the 37 urban areas of our sample, the mean of households' incomes in the close inner suburbs of an urban area equals 84.4% of the average value of the same statistic computed over all types of the same urban area. b These are to be read more directly: on average over the 37 urban areas of our sample, 7.5% of all households are headed by a foreign person in close inner suburbs and the housing tax rate equals 14.16%.
Broadly speaking, except in the close inner suburbs, high-income jurisdictions appear to be closer to the city center than medium-income jurisdictions, which in turn are closer than lowincome jurisdictions. Within distant inner-suburbs for instance, low-income jurisdictions are at 0.98 from the average distance, medium-income jurisdictions at 0.95 and high-income jurisdictions at 0.85. Housing prices are decreasing with distance from the city center and increasing with the jurisdiction's average household income, ranging from 74% of the urban area mean in low-income jurisdictions of distant outer suburbs to 124% in high-income jurisdictions of close inner suburbs. The proportion of foreign citizen decreases with distance and with the jurisdiction's average household income. Housing tax rates follow the same pattern, with higher tax rates for lower income jurisdictions. Note that prices used in these halshs-00581139, version 1 -30 Mar 2011
statistics are those of 2002, so that we cannot use them in the estimations due to simultaneity biases. Tax rates are given in 1993 and the percentage of foreign citizen in 1990, but both create multicollinearity issues when included simultaneously with distances and mean incomes of types.
Sample definition and descriptive statistics
Following Schmidheiny (2006), we focus on the behavior of households that moved within an urban area, ignoring immobile households and other moving households. Indeed, we suppose that local migrations (i.e. within an urban area) are mainly driven by motivations related to housing (broadly understood as including access to employment and amenities), whereas long distant migrations are essentially linked with the search of study and employment opportunities, that may be associated with different location behaviors. Furthermore, people newly arrived in an urban area may not know well the characteristics of locations available in this urban area. Defined on these criteria, the total estimation sample (summing the 37 urban areas) contains 210,611 households that moved between 1990 and 1999 within urban areas. Some commentaries and simple statistics are given to justify our choices and present the sample.
Considering the 37 urban areas of our study, 51.5% of households moved between 1990 and 1999. Among the movers, 67.7% were living in the same urban area in 1990. Descriptive statistics seem to corroborate the idea that short distance moves are mainly driven by residential considerations whereas moves to a new urban area are employment or study related. Indeed, households that moved, but not within an urban area, have five times more often a student as reference person of the household (and logically display a lower mean age and mean size) (see Table 2 ). The reference person is also more often a foreign citizen, what may be partly due to the arrival of new immigrants looking for economic opportunities in French urban areas between 1990 and 1999. We define three "ethnic groups" and six "social groups" based on the characteristics of the reference person of the household. 4 The former are foreign citizens, French citizens born abroad and French citizens born in France. The latter are built on the basis of occupational status as follows: (i) executives and high intellectual professions; (ii) white-collars in mid management positions; (iii) white-collar subordinates; (iv) blue-collar workers; (v) independent workers; (vi) economically inactive people, i.e. retirees and people who never worked. The sizes of these groups are given in Table 3 . As we would like to be able to interpret the spatial segregation of these groups in terms of income segregation, Table 3 also displays the results of a simple linear regression aimed at predicting the average income of each category. This regression is performed on data taken from the French Housing Survey 1996 (see Appendix 1). Table 3 shows that the classification into these four groups translates in a hierarchy in terms of mean annual income by consumption unit. Therefore, measuring segregation on the basis of groups (i) to (iv) provides us information about income segregation. On the contrary, we know that in groups (v) and (vi), incomes and professional situations are much dispersed (for instance, independent workers can be farmers, craftsmen or big entrepreneurs). 
Empirical model of location choice and measure of residential segregation
A conditional logit model of location choice
We consider a random utility model, according to which utility of a household i in a location j is the sum of a deterministic and a random part:
where V ij is the deterministic part representing the influence of observed household and jurisdiction characteristics and  ij is the idiosyncratic random term specific to household i and jurisdiction j.
In order to test our hypotheses, utility is supposed to take the following form: where ln(y j ) is the average population income in location j, d j distance between location j and the city center, O i and E i are two vectors of dummy variables relating respectively to the occupational status and ethnic category of the household, S i represents its size and F ij is a dummy variable indicating whether location i was the former location of the household. α j , β 1 to β 3 , γ 11 to γ 32 and δ are vectors of coefficients to be estimated.
By doing so, we suppose that households differ in terms of locational choices based on their income, ethnic origin and size. We also assume that they make their choice based on average income in the jurisdiction and size to the center. All the choice determinants that do not differ with household are in the location classes fixed effects α j . In other words, the impact of the location characteristics that are constant across households are left in the location dummy, together with unobserved variables.
A household chooses among potential locations by comparing its utility level in the different location types and select location j which maximizes his utility:
where C is the choice set of K alternative locations.
We assume that the error terms are identically and independently distributed following an extreme value distribution, of which cumulative distribution function is given by:
As a result, the probability for a household i to choose location j is:
This conditional logit model is estimated by the maximum likelihood method.
Our empirical model then focuses on interaction variables between the location characteristics and household's characteristics. As stated in the theoretical model, we expect that households sort by income relatively to the distance to the central city. We introduce interactions between dummies for household's social categories (white-collars in mid management positions being the reference) and location distance to the city center (and this variable squared). The same is done with a dummy for household's ethnicity (French born in France being the reference). To control for household's size, we also introduce an interaction between household size and type distance to the center (and this variable squared). We also expect that migrants take account of social context and related endogenous amenities. The same interaction variables are built with the location mean income instead of distance to the central city.
To sum up, household variables interacted with location variables are the following: -dummies for the reference person occupational status, -dummy for the reference person not being a French citizen, -dummy for the reference person being a French citizen born abroad, -number of persons living in the household.
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Location variables are: -mean fiscal income in 1990 5 divided by its average over the 17 types, -distance to the central city in km 6 less the mean distance to the city center over the 17 types in the urban area, so as to avoid colinearity with their squared counterparts. -distance less mean distance squared.
A variable is both a household and location variable: -dummy for the location being the former location of the household.
Choice probabilities and measures of social and ethnic segregation
Our aim is not only to test for the different conjectured factors of location choices, but also to assess the importance of each of them in segregation levels observed in French urban areas. We can do so by comparing segregation levels in different counterfactual cities that are predicted by the model estimated coefficients.
Segregation levels are classically measured by different spatial concentration indexes. Among them, the dissimilarity index is the most commonly used. Based on socio-occupational categories and ethnic origins that we use in the location model, we compute multi-group dissimilarity indexes (Readon and Firebaugh, 2002) Estimation of the conditional logit model in a given urban area provides for each household its probabilities to choose each available location alternatives. Of course we also know the true distribution of moving households among locations. Hence, we can compute measures of segregation in both cases and compare observed and predicted patterns, so as to assess how well our estimated model accounts for the observed residential segregation.
Then, using only the coefficients attached to one dimension of location choice (e.g. distance to the central city) and setting all other coefficients except fixed effects to zero, a new set of choice probabilities can be predicted. Measuring segregation with the resulting counterfactual household distribution provides information as to the contribution of this causal channel to the production of segregation.
More specifically, we will compute three types of predicted location choice probability. The general form of this probability is:
where V ij takes different forms as follows:
(i) Probabilities predicted by the full model (8) This is simply the prediction of the full model and allows us to assess the explanatory power of the location model.
(ii) Probabilities predicted by a given segregation channel Our conditional logit model includes only three locational characteristics: household mean income, distance to the central city and, for each household, if it is her former location. The first two location characteristics are interacted with household characteristics, allowing location behaviors to differ along the line of the latter. The third is per se both a location and a household characteristic. Taking our estimation results and setting all the coefficients corresponding to these variables to zero, except those associated with one of these segregation channels provides us the choice probabilities that would be relevant if only this channel produced social and ethnic segregation or in other words if households considered only this determinant in their location choice. Computing the corresponding dissimilarity indexes, we can assess the relative contribution to segregation of each of these channels.
For instance, the predicted probability based on the distance segregation channel would be: 
We refer in particular to the inertia model, which gives the following predicted probabilities:
(iii) Probabilities predicted by behaviors differing with occupational or ethnic group
In our conditional logit model, households differ by their belonging to a social group, their ethnic status, their size and their former urban location. Let us focus on social and ethnic status. Taking our estimation results and setting the coefficients of all interactions implying ethnic status (resp. social status) to zero provide the choice probabilities that would be relevant if behaviors did not differ between ethnic groups (resp. social groups) and was the same as the behavior of the reference category in the econometric model. Thereby, computing the corresponding dissimilarity indexes, we can check if social segregation is mainly explained by the differing behaviors of households belonging to differing social groups or by the combination of the differing behaviors of households belonging to different ethnic groups and the social composition of ethnic groups. In the same manner, we can check if ethnic segregation is mainly explained by the differing behaviors of households belonging to halshs-00581139, version 1 -30 Mar 2011 differing ethnic groups or by the combination of the differing behaviors of households belonging to different social groups and the ethnic composition of social groups.
The corresponding predicted probabilities are for instance, considering that households only differ in terms of social categories:
Results
Estimation results.
The estimated coefficients for the five largest urban areas, namely Paris, Lyon, Marseille, Lille and Toulouse, are presented in Table 4 as examples. Joint significativity tests aimed at assessing the significance of each of the interactions in the model are presented for the 37 urban areas in table 5. The signs of estimated significant coefficients are presented in Table 6 . First of all, fixed effects are always jointly significant (Table 5 ). Estimated fixed effects for the 17 location classes are all negative: the central city is always more attractive, what obviously reflects differences in housing stocks, which are also differences in housing opportunities. More densely populated locations mechanically receive more migrants. As expected, it is also observed that outer suburbs -which exhibit a very low density compared to others -generally display the lowest coefficients. These fixed effects thus control, among other effects, for the size differences between locations.
We comment only briefly the coefficients corresponding to the effect of household size and previous location. Household size significantly influence distance choice in the vast majority of the urban areas. The effect is the one predicted by urban economic models: large households locate further away from the city center, although the effect is not linear, as shown by the coefficient of quadratic distance. The interaction between household size and average location income is significant and positive in 13 urban areas, which can be interpreted in particular as the fact that the presence of children increases the preference for wealthy locations. Finally, there is a very significant effect of previous location on location choices: locations where the household was initially are very more likely to be chosen as the new destination when moving.
The interactions of social category dummies with location average income are jointly significant in 29 out of 37 urban areas. This result points out the power of the search for income-related amenities in the production of residential social segregation. When significant, the coefficient of the "executive" category is positive, whereas it is always negative for whitecollar subordinates and blue-collars (Table 6 ). This is true in particular for the five urban areas in Table 4 . As expected, the most affluent social groups are more attracted by the most affluent locations than the less favored social groups. However, in most urban areas, the coefficient of the interaction with location income is higher for blue-collar than for whitecollar subordinates: although the income differential between these two categories is very small (see Table 3 in Section 3.3), they behave somewhat differently regarding incomerelated amenities.
The effect of social status on the choice of distance is slightly less often significant. Nevertheless, these interactions are jointly significant in 27 out of 37 urban areas (Table 5) .
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On average, white-collar subordinates have the most negative coefficients: they are the least attracted by distant locations, compared to intermediate categories (Table 6) . Apart from Paris, it is the case in the large urban areas considered in Table 4 . In Paris urban area, the executives are the category that is the most reluctant to settle in distant locations, ceteris paribus. This can be explained by the level of traffic congestion, that makes wealthy households locate close to the center. Blue-collar workers behave differently from whitecollar subordinates: they behave either like the intermediate category (reference) or are more attracted by distant locations (in only three urban areas, among which Paris). This result is in line with what we already know from urban configurations in France: it has been observed that blue-collar workers are more prone to locate in outer suburbs than white-collars (Goffette-Nagot, 2000). What we show here is that it remains true after controlling for preferences regarding income-related amenities.
The effect of ethnic origin, after controlling for social status, is slightly weaker than that of occupational status. Still, the coefficients of the interactions between ethnic origin and distance from the central city are significant and negative in the majority of the urban areas (21 urban areas). This centralization of foreigners could be the consequence of a strong concentration of public housing in the inner suburbs and the fact that foreign households are often housed in public housing. Further, only in half of the urban areas (18) do foreign citizens behave differently than French citizen born in France regarding location income, by locating in less affluent municipalities. French citizens born abroad behave more often as their fellow-citizens, except in the four biggest urban areas (Paris, Lyon, Marseille and Lille) and in three others of medium size. This result also can be the consequence of public housing accommodation, as the average income in the municipality is likely to be correlated with the percentage of public housing in the housing stock. The significantly different behavior of foreign households can also be the consequence of network effects, as immigrants often choose to settle near individual belonging to the same ethnic group.
Analysis of social and ethnic segregation.
In the three following sections, we present and analyze simple statistics for the dissimilarity indexes computed for each of the 37 urban areas. In the first section, we look at how well our full model can predict the observed socially and ethnically segregated patterns. Based on predictions obtained with partial models, we then try to assess the relative contributions to segregation of the choices of "neighborhood income" and "distance to the central city". Lastly, we try to disentangle the social and ethnic determinants of the observed segregated pattern. Table 7 and 8 present the observed and predicted dissimilarity indexes for the five largest urban areas taken as examples, for income and ethnic segregation respectively. The following tables display indexes averaged over the 37 urban areas: observed indexes in Table 9 and the ratio of predicted to observed indexes in Table 10 .
Observed segregation patterns and predictions of the full model
Broadly speaking, we can first note that the mean values of the dissimilarity indexes computed here at a supra-municipality geographic level are low compared to what is generally obtained in studies working with municipality or infra-municipality levels. This is expected as social and ethnic segregation is likely to be stronger the smaller the spatial scale considered. Note also that individuals considered here are migrants and it is not clear a priori whether
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their spatial segregation is likely to be stronger or weaker than the segregation level of the whole population.
The household charateristics considered in the estimated model allows to consider separately households of which the reference person is out of labor force and those of which the reference person is in labor force. Among the latter, five categories are considered: executives, intermediate professions, white-collars, blue-collars and independent workers. We first discuss segregation between these five categories and then oppose them to the category of inactive individuals. We base our discussion on indexes averaged over the 37 urban areas.
The mean value of the multi-group dissimilarity index corresponding to the observed spatial distribution of categories in labor force is equal to 0.14, considering either four or five social groups (Table 9) . 7 Regarding binary oppositions between the four income-ordered social categories, we observe that the highest index is obtained for the opposition between executives and blue-collars (0.25) and the second highest for the one between executives and white-collar subordinates (0.19). A lower value is obtained for the opposition between executives and white-collars in mid-management positions (0.15). A value of 0.14 is then obtained for all other oppositions implying the latter. Thereby, social segregation seems to obey to income hierarchy between social groups: the higher the income differential, the higher the value of the dissimilarity index. However, less expected in this respect is the strong segregation between white-collar subordinates and blue-collars (0.18), two categories that display a nearly equal mean income level. Finally, the mean dissimilarity index increases to 0.16 when the category of economically inactive households is added to the five-group index. This result may be surprising given the low value of the dissimilarity index corresponding to the binary opposition between economically active and inactive households (0.13).
Regarding now ethnic segregation, the mean value of the multi-group dissimilarity index opposing foreign citizen, French citizen born abroad and French citizen born in France is 0.18. As expected, the highest value of binary indexes opposing these groups is obtained for the opposition between foreign citizen and French citizen born in France (0.24). More interesting is the higher value of the index corresponding to the opposition between French born abroad and foreign citizen (0.19) than that between French born abroad and French born in France (0.15). "Spatial integration" among French citizens is far from perfect but seems to be at work.
Yet, the question we are interested in is the following: to what extent is our parsimonious location choice model able to predict this observed segregation pattern? Recall that our model includes only three location characteristics: location mean income, location distance to the central city and, for each household, if it is its former location. Thereby, this model features only three "segregation channels": differing choices of "income" and "distance" between households of differing characteristics, as well as the inertia of the previously prevailing segregated pattern due to the advantages associated with relocating nearby one's former location (better information about housing supply, lower moving costs, access to previously built social networks, etc.). Knowing the predictive power of our full model provides information on the importance of these factors in the formation of social and ethnic segregation. To support this point, dissimilarity indexes are now computed considering the distribution of households corresponding to the choice probabilities predicted by our conditional logit estimation results (see equation 8 section 4.2). For each of these indexes, we comment the average value of the predicted index relatively to the observed index.
The model predicts, on average over the 37 urban areas, 72% of the value of the observed multi-group dissimilarity indexes built with economically active households (either with four or five groups) and 80% of the value of the multi-group index built with both active and inactive households (Table 9 ). It predicts on average 71% of the value of the observed binary index opposing active to inactive households, and from 65% to 76% of the values of the ones opposing occupational categories. Regarding ethnic segregation, the model predicts on average 64% of the value of the observed ethnic multi-group dissimilarity index. It predicts 68% of the value of the observed binary index opposing foreign citizen to French citizen born in France, 73% of the one opposing foreign citizen to French citizen born abroad and 54% of the one opposing French citizen born in France to French citizen born abroad.
This set of results shows that the estimated model reproduces quite well the observed segregation patterns. Even in the urban areas where it is the less explanatory, it still predicts more than 30% of the observed social segregation level. This indicates clearly that the three segregation channels included in our model indeed contribute strongly to the formation of social and ethnic segregation.
"Income driven" vs. "Distance driven" ethnic and social segregation.
As explained in details in section 4.2, it is possible, by computing predicted location choices considering only one characteristics of location (income, distance or being the former household's location), to assess how strong the segregation would be if households considered only this characteristic when choosing their location. By doing so, we can determine whether the observed social segregation is mainly explained by the Alonso model or by incomerelated amenities. Table 11 shows that the proportion of the value of the observed five-group dissimilarity index explained by the "income" channel partial model is 40% vs. 37% for the "distance" channel partial model and 32% for the "inertia" channel partial model. 8 
Segregation among the economically active social groups thus appears to be mainly driven by choices of location average income, but choices of distance to the central city and the location inertia also contribute significantly.
Adding the economically inactive population in the analysis reverses this conclusion: segregation between social groups is now mainly (but only slightly) driven by distance, the "income" model explaining 56% vs. 58% for the "distance" model and 52% for the "inertia" model. Looking at binary oppositions allows to refine the analysis. Segregation between economically active and inactive households is clearly driven by the "distance" channel: the "income" model explains only 29% vs. 57% for the "distance" model and 25% for the "inertia" model. As predicted by the standard urban economic model, estimation results for most of the urban areas show that inactive households settle significantly further away from the central city.
Regarding economically active households, on the one hand, all the oppositions implying executives show a much stronger contribution to segregation of the "income" channel compared to the "distance" channel. The proportion of the value of the observed index opposing executives to blue-collars explained by the "income" model is 51% vs. only 16% for the "distance" model (and 32% for the "inertia" model). The same proportions are respectively 45% vs. 21% (and 46%) for the opposition between executives and white-collars in mid-management positions and 59% vs. 50% (and 38%) for the opposition between executives and white-collar subordinates. Executives presumably settle in affluent neighborhoods hardly accessible for others groups. Amenity considerations seem more important than the standard urban economic trade-off between proximity to the central business district and land consumption to explain the segregation between this group and poorer households.
The same prevails for the opposition between white-collars in mid management positions and blue-collars (proportions are respectively 42%, 19% and 35%). On the other hand, the "distance" channel is clearly dominant in the explanation of the segregation between whitecollars in mid management positions and white-collar subordinates (35% for the "income" model vs. 54% for the "distance" model and 24% for the "inertia" model), and it is even more the case regarding the segregation between the latter and blue-collars (23% vs. 55% and 27%). The specific behavior of white-collar subordinates with respect to the choice of distance to the central city is at the source of the surprisingly strong segregation level observed between this group and blue-collars and the surprisingly low segregation level observed between this group and executives already stressed in section 5.
Estimation results show that in most of the urban areas, white-collar subordinates -although displaying a similar income compared to blue-collars -do not follow them in their migration toward peripheral urban locations. They tend to settle in central locations, so that they do not segregate too much from the more economically favored groups (white-collars in mid management positions and executives)
, although they choose more central locations than the former and less affluent locations than the latter. This point would be worth further investigations.
Regarding ethnic segregation, the proportion of the value of the observed multi-group dissimilarity index explained by the "income" model is 24% vs. 35% for the "distance" model and 43% for the "inertia" model (Table 12) . Ethnic groups were segregated in 1990 and as moving households preferentially chose to relocate close to their initial location, they are still segregated in 1999: this segregation inertia appears to be the first segregation force. One reason may be that foreign citizens are less able to get information about housing supply in other parts of the urban area and less able to support large moving costs. Another reason may be that they are more dependent on local social networks, for instance due to their larger participation to informal economic activities.
Differing choices of distance to the central city between ethnic groups is the second segregation force. This could be explained by the over-representation of foreign citizen and French citizen born abroad in social housing and the historical clustering of social housing in close inner suburbs. Binary oppositions provide additional insights. Segregation between foreign citizens and French citizens born in France is also mainly driven by the "distance" channel, but the "income" channel appear more important than in the multi-group case: the "income" model explains 32% vs. 39% for the "distance" model and 41% for the "inertia" model. Regarding segregation between foreign citizens and French citizens born abroad, the "distance" channel is more important than both the "income" and the "inertia" channels (37% vs. 52% and 39%). This may be explained by the exit of social housing and consecutive decentralization of a large number of French citizens born abroad being former foreign halshs-00581139, version 1 -30 Mar 2011 citizens having simultaneously acquired the French nationality and improved their economic conditions of living. Eventually, regarding segregation between French citizens born abroad and French citizens born in France, the "income" channel is still dominated by the "distance" channel, but most of all, the "inertia" channel strongly dominates both other channels (11% vs. 29% and 44%). Again, we can think that a large number of French citizens born abroad are former foreign citizens having acquired the nationality and improved their conditions of living: they were thus likely to be strongly segregated from French citizen born in France in 1990. Now, although their behaviors regarding location characteristics came closer to the behaviors of French citizens born in France, the former level of segregation is partly reproduced due to the advantages procured by the relocation nearby one's former location. However, the thrust of this last comment is limited by the relatively poor performance of our model in explaining this binary index (only 54% of the observed index is explained by the full model, which is the lowest explanation power displayed in our study).
Ethnic vs. social determinants of ethnic and social segregation.
As explained in details in section 4.2, it is possible, by computing predicted location choices considering only occupational status (respectively origin), to assess how strong the segregation would be if households located in the same way, irrespective of their origin (respectively occupational status). By doing so, we can determine whether the observed social segregation is mainly explained by differences in location behaviors according to occupational status or by the differences in behaviors of ethnic groups and the social composition of these groups.
Results are unambiguous. The proportion of the value of the observed multi-group dissimilarity indexes built with economically active households (indexes with four or five groups) explained by the partial model that does not account for ethnic status is 73% versus 32% for the one that does not account for social status (Table 11 ). The same proportions are respectively 80% versus 51% regarding the multi-group index including inactive households (six groups index). Finially, the same differences are observed when considering the binary indexes opposing social groups. These results show that both social status and ethnicity contribute to the production of social segregation, differing behaviors between social groups being however clearly the main determinant of social segregation.
Regarding ethnic segregation, the proportion of the value of the observed ethnic multi-group dissimilarity index explained by the partial model that do not account for ethnic status is 38% vs. 64% for the one that do not account for social status (Table 12 ). The same proportions are respectively 38% vs. 66% regarding the binary index opposing foreign citizen to French citizen born in France, 48% vs. 59% regarding the one opposing foreign citizen to French citizen born abroad, and 38% vs. 57% regarding the one opposing French citizen born in France to French citizen born abroad. These results show that both social status and ethnicity contribute to the production of ethnic segregation, differing behaviors between ethnic groups being clearly the main determinant of ethnic segregation.
As could be expected, household social characteristics appear more important to predict ethnic segregation than household ethnic characteristics to explain social segregation. In other words, social segregation is not explained by a social composition effect of ethnic groups and conversely, ethnic segregation is not the result of the ethnic composition of social groups.
Conclusion
This paper provides a framework aimed at analyzing the determinants of location choices and social and ethnic segregation within urban areas. Our objective is to assess empirically the relative contribution of Tiebout-sorting and Alonso-sorting mechanisms to social and ethnic segregation in 37 large French urban areas. We propose a conditional logit model of urban location choic in which moving households are assumed to sort based on jurisdiction distance to the central city and jurisdiction average household income (as a proxy for the level of public amenities). Estimation of this model provides for each household her probabilities to choose each one the available location alternatives and allow the comparison of various predicted segregation patterns with the observed segregation pattern.
Our main results are the following. Going beyond the standard urban model to take into account income-related amenities is strongly justified by our results: segregation among economically active social groups appears to be mainly driven by the income channel, especially for the most affluent social group. Nevertheless, segregation between economically active and inactive households is mainly explained by distance, as predicted by the standard urban economic model. Regarding ethnic segregation, the distance channel dominates the income one, but this is likely to be due to a non-market effect, i.e. the location of the public housing supply in close inner-suburbs. More important, both of them are dominated by the inertia of the previously prevailing segregated pattern.
Our analysis thus confirms the importance the choices of distance to the central city and neighborhood income in the formation of residential segregation. It also shed light on a third "segregation channel" that may be worth further investigation: the tendency to relocate nearby one's former location, which is presumably linked with the question of moving costs and access to social networks.
Several limits should now be overrun. First, our analyses are mainly based on mean tendencies among the 37 urban areas considered. We should try to explain the heterogeneity displayed in our results. Second, our econometric model assumes the Independence of Irrelevant Alternatives hypothesis (IAA). We should test for it and if necessary turn to another model. halshs-00581139, version 1 -30 Mar 2011
Appendix 1
The French Population Census does not contain information regarding the household's income. However, it contains detailed information concerning the households' members, that allows to predict its income. Coefficients used in this prediction are based on a regression performed on a sample taken from the French Housing Survey (hereafter FHS) 1996.
On this secondary sample, the natural logarithm of the household's income is regressed on the main determinants of wages and income subsidies available in the FHS. The following variables are included in the estimation: -Age (and squared age): age of the "reference person of the household" -Gender: "reference person of the household" is a woman, -Marr: "reference person of the household" is married, -Divo: "reference person of the household" is divorced, -Wido: "reference person of the household" is widowed, -Foreign: "reference person of the household" is not a French citizen, -Educ_1-6: level of education of the "reference person of the household" from 1 to 6, -Status_1-8: socio-occupational status of the "reference person of the household" from 1 to 6, -Nbwork: number of persons having a job in the household, -Nbchild: number of children living in the household.
The R² of the estimation is equal to 0.62. All the estimated coefficients are statistically significant at the 5% level and the Ficher test indicates significance of the overall estimation. Detailed results of this estimation are available on request.
halshs-00581139, version 1 -30 Mar 2011 -16,352 -20,636 -12,608 -13,335 -10,731 -9,161 -11,074 -7,905 -6,264 -5,622 -4,650 -5,478 -7 2 The five groups are the previous ones, plus the independent workers. 3 The six groups are the previous ones, plus the out-of-labor force category. 2 The five groups are the previous ones, plus the independent workers. 3 The six groups are the previous ones, plus the out-of-labor force category.
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